The genus Thorsellia was proposed by Kämpfer et al. (2006) on the basis of a single species, Thorsellia anophelis, as a member of the class Gammaproteobacteria assigned to the family Enterobacteriaceae. The type strain of T. anophelis was isolated from the midgut of the mosquito Anopheles arabiensis originating from Kenya (Lindh et al., 2005) . Here, we characterize two strains, T2.1 T and W5.1.1 T , isolated from larvae of Anopheles arabiensis mosquitoes captured in Mwea, Kenya.
The strains were isolated by grinding larvae in 200 ml 0.9 % NaCl, spinning the microcentrifuge tube at 13 000 r.p.m. for 1 min and then plating 100 ml of the supernatant on Luria-Bertani (LB) agar plates (Sigma-Aldrich). The plates were then incubated at 30 u C for 2 days. Subcultivation was done on nutrient agar (NA; Oxoid) at 28 u C for 48 h. Gram-staining with the Hucker method was performed as described by Gerhardt et al. (1994) . Cell morphology was observed under a Zeiss light microscope at 61000 magnification using cultures grown on NA for 2 days at 28 u C. Oxidase activity was tested using oxidase reagent (bioMérieux) according to the manufacturer's instructions. Catalase activity was tested by gas formation after dropping 2 % (v/v) H 2 O 2 on fresh biomass grown on NA for 48 h at 28 u C. Results are given in the respective species descriptions.
Nearly full-length 16S rRNA gene sequences were amplified by PCR using universal primers 8F (59-AGAGTTTGATCC-TGGCTCAG-39) and 1492R (59-ACGGCTACCTTGTT-ACGACTT-39) (Lane, 1991) and sequenced by Sanger sequencing using primers 27F (59-GAGTTTGATCMTGG-CTCAG-39) and E786F (59-GATTAGATACCCTGGTAG-39). Cell lysates generated by three freezing (220 u C) and heating (100 u C, 1 min) cycles of a loop of biomass dissolved in PCR-pure water were used as the DNA template. Phylogenetic analysis was performed in ARB (Ludwig et al., 2004) using the 16S rRNA gene 'All-Species Living Tree' (LTP) ARB database (Yarza et al., 2008) release LTPs111 (February 2013) . Sequences missing from the database were added to the database after alignment with SINA (version 1.2.11; Pruesse et al., 2012) . The sequenced 16S rRNA gene fragments of strains T2.1 T and W5.1.1 T were continuous stretches of 1393 and 1413 bp, spanning gene termini 45 to 1444 and 55 to 1472 (according to the rrnB gene sequence of Escherichia coli; Brosius et al., 1978) , respectively. The final alignment was trimmed to keep only the region spanning E. coli positions 107-1408. Phylogenetic trees were inferred by maximum-likelihood using RAxML version 7.04 (Stamatakis, 2006) with the general time-reversible (GTR)-Gamma evolutionary model and neighbour-joining using ARB neighbour-joining, with the Jukes-Cantor substitution model, both drawing 100 bootstraps. Pairwise sequence similarities were calculated with the ARB neighbour-joining tool without the application of an evolutionary model. Strains T2.1 T and W5.1.1 T shared 97.8 % 16S rRNA gene sequence similarity to the type strain of T. anophelis, and 98.1 % similarity to each other. Sequence similarities of the three Thorsellia strains to type strains of related families were rather low: 86.8-89.6 % to members of the Orbaceae, ¡89.5 % to members of the Pasteurellaceae and ¡91.3 % to members of the Enterobacteriaceae.
The maximum-likelihood tree ( Fig. 1 ) and the neighbourjoining tree (not shown) showed that the type strain of T. anophelis and the two novel strains formed a separate branch within the Gammaproteobacteria distinct from the closest related families, Orbaceae, Enterobacteriaceae, Pasteurellaceae and Vibrionaceae. Based on the phylogenetic clustering, the species of Thorsellia were most closely affiliated to, but clearly distinct from, the families Pasteurellaceae and Orbaceae, the latter being a recently described family that also contains insect-associated bacteria (Kwong & Moran, 2013) .
Draft genome sequences of strains T2.1 T and W5.1.1 T and T. anophelis CCUG 49520 T were used for detailed genotypic comparison. Pairwise average nucleotide identity (ANI) between the draft genomes of strains T2.1 T and W5.1.1 T and the type strain of T. anophelis were calculated in the EzGenome ANI tool (http://ezgenome.ezbiocloud.net/ezg_ ANI) using the algorithm of Goris et al. (2007) . Pairwise ANI values were 72.4 % (reciprocal 72.5 %) for T2.1 T and W5.1.1 T , 72.3 % (reciprocal 72.5 %) for strain T2.1 T to T. anophelis CCUG 49520 T and 73.6 % (reciprocal 73.6 %) for strain W5.1.1 T to T. anophelis CCUG 49520 T . All values were clearly below the proposed cut-off of 95-96 % as a species boundary (Richter & Rosselló -Mó ra, 2009 ).
In silico DNA-DNA hybridization values were calculated between strains T2.1 T and W5.1.1 T and the type strain of T. anophelis using the program GGDC 2.0 (Meier-Kolthoff et al., 2013) . Strain T2.1 T showed DNA-DNA hybridization values of 28.9 % to W5.1.1 T and 30.4 % to T. anophelis CCUG 49520 T , while strain W5.1.1 T showed a DNA-DNA hybridization value of 27.6 % to T. anophelis CCUG 49520 T .
A six-internal-reference-gene-based multilocus sequence analysis (MLSA) was performed to provide additional phylogenetic differentiation of strains T2.1 T and W5.1.1 T and the type strain of T. anophelis. Full-length gene sequences of recA, recN, rpoA, rpoB, rpoD and gyrB obtained from draft genome sequences of T2.1 T , W5.1.1 T , T. anophelis CCUG 49520 T and selected type strains of related genera were used (all gene sequences were submitted individually to GenBank). Genes of reference type strains were taken from the genome sequences of the type strains by using the Integrated Microbial Genomes (IMG) system server of the JGI (http://img.jgi.doe.gov). MLSA was performed with the MEGA5 software package version 5.1 (Tamura et al., 2011) . Sequence alignments were performed based on translated nucleotide sequences using CLUSTAL W (Thompson et al., 1994) integrated in MEGA5. Phylogenetic analysis was performed with the maximum-likelihood method for nucleotide sequences based on the GTR model and for amino acid sequences based on the Jones-Taylor-Thornton (JTT) matrix-based substitution model (Jones et al., 1992) , both with 100 bootstrap replications and a discrete Gamma distribution to model evolutionary rate differences among sites (five categories; +G). The rate variation model allowed for some sites to be evolutionarily invariable (+I). Phylogenetic analysis of single and concatenated gene sequences indicated a clear separation of the strains assigned to the genus Thorsellia compared with type strains of related genera both based on nucleotide sequences ( Fig. 2a ) and also clearly by analysis based on the more conserved amino acid sequences ( Fig. 2b ). Pairwise sequence similarities (calculated for concatenated sequences without an evolutionary model) show that strains T2.1 T and W5.1.1 T shared 88.9 % amino acid sequence similarity, whereas they had 88.5 % and 91.6 % similarity, respectively, to T. anophelis CCUG 49520 T . Based on DNA sequences, strains T2.1 T and W5.1.1 T shared only 79.2 % sequence similarity, and 78.5 % and 81.2 % similarity, respectively, to the type strain of T. anophelis.
DNA G+C contents obtained from genome sequences for strains T2.1 T and W5.1.1 T and the type strain of T. anophelis were 35 %, 35 % and 36 %, respectively. The DNA G+C content obtained for the type strain of T. anophelis based on genome sequencing shows that the value of 46 mol% published previously (Kämpfer et al., 2006) was incorrect.
Fatty acids were analysed as described by Kämpfer & Kroppenstedt (1996) from total cell hydrolysates after growth on TSA for 48 h at 28 u C. Growth was assessed and colony sizes were observed at 12 h intervals before selecting the time points for generation of biomass. Growth (and colony expansion) could be clearly observed after 48 h of incubation. Fatty acid profiles of strains T2.1 T and W5. Fig. 1 . Maximum-likelihood tree based on nearly full-length 16S rRNA gene sequences showing the phylogenetic position of Thorselliaceae fam. nov., including T. anophelis and the two novel species, beside the families Enterobacteriaceae, Pasteurellaceae and Orbaceae. The phylogenetic tree was reconstructed in ARB using RAxML with GTR-Gamma and 100 resamplings (bootstrap analysis) and based on sequences between positions 107 and 1408 according to the E. coli numbering (Brosius et al., 1978) . Only bootstraps values .70 % are given at nodes. Numbers in clusters represent the number of type strains included in the cluster shown. Bar, 0.01 nucleotide substitutions per site.
were compared to that of T. anophelis CCUG 49520 T . Detailed fatty acid profiles are given in Table 1 and are summarized in the species descriptions.
Extraction and analyses of quinones, polar lipids and polyamines were carried out as described previously (Tindall, 1990a, b; Altenburger et al., 1996; Busse & Auling, 1988; Busse et al., 1997; Stolz et al., 2007) . The quinone systems of strains T2.1 T and W5.1.1 T were composed exclusively of ubiquinones. Strain T2.1 T contained 24.9 % Q-7, 74.9 % Q-8 and 0.3 % Q-9 and strain W5.1.1 T contained 2.4 % Q-7, 96.2 % Q-8 and 1.2 % Q-9. These quinone systems are in agreement with that of T. anophelis CCUG 49520 T , which was reported to contain predominantly Q-8 (Kämpfer et al., 2006) . The polar lipid profile of strain T2.1 T contained major amounts of three unidentified aminolipids (AL1, AL2 and AL3), an unidentified phospholipid (PL1) and phosphatidylethanolamine and minor amounts of two unidentified phospholipids (PL2, PL3) and an unidentified lipid (L1) only detectable after total polar lipid staining (Fig. 3) . Strain W5.1.1 T contained predominantly phosphatidylethanolamine and unidentified phospholipid PL1 and minor amounts of phosphatidylglycerol, unidentified aminolipids AL1, AL2 and AL3, unidentified phospholipid PL2 and two lipids only detectable after total lipid staining (Fig. 3) . The absence of phosphatidylglycerol or its presence in minor amounts only, and the presence of the unidentified aminolipid AL1 clearly distinguish the two isolates from T. anophelis CCUG 49520 T . The polyamine pattern of strain W5.1.1 T contained 9.7 mmol (g dry weight) 21 1,3diaminopropane, 1.0 mmol (g dry weight) 21 putrescine, 1.2 mmol (g dry weight) 21 cadaverine and traces of spermidine and spermine [,0.1 mmol (g dry weight) 21 ]. Strain T2.1 T contained 16.3 mmol (g dry weight) 21 1,3diaminopropane, 2.0 mmol (g dry weight) 21 putrescine, 0.1 mmol (g dry weight) 21 cadaverine, 0.9 mmol (g dry weight) 21 spermidine and 0.8 mmol (g dry weight) 21 spermine. These polyamine patterns are similar to that of T. anophelis CCUG 49520 T , reported to contain predominantly 1,3-diaminopropane (Kämpfer et al., 2006) .
The results of the physiological characterization, performed using methods described previously (Kämpfer et al., 1991) , are given in Table 1 . Cellular fatty acid profiles of type strains of species of the genus Thorsellia Strains: 1, T2.1 T ; 2, W5.1.1 T ; 3, T. anophelis CCUG 49520 T . Values are percentages of total fatty acids. Fatty acid patterns were generated in this study using the method described by Kämpfer & Kroppenstedt (1996) using an HP gas chromatograph HP 6890 with Sherlock MIDI software version 2.11 and TSBA peak-naming 
Emended description of Thorsellia anophelis
The description of the species is the same as given by Kämpfer et al. (2006) , except that the DNA G+C content is 36 %, as calculated from genomic data.
Description of Thorsellia kenyensis sp. nov.
Thorsellia kenyensis (ken.yen9sis. N.L. fem. adj. kenyensis of or belonging to Kenya, referring to the isolation of the type strain from a mosquito in Kenya).
Cells are Gram-negative, facultatively anaerobic, motile and rod-shaped, approx. 1 mm wide and 2 mm long. Growth occurs after 48 h of incubation at 28 u C on TSA and NA. Cells are negative for cytochrome oxidase and catalase. The fatty acid profile consists of the major fatty acids C 18 : 1 v7c, C 16 : 0 and C 14 : 0 followed by minor amounts of summed feature 3 (C 16 : 1 v7c and/or iso-C 15 : 0 2-OH) and summed feature 2 (iso-C 16 : 1 and/or C 14 : 0 3-OH). The quinone system contains predominantly ubiquinone Q-8. In the polar lipid profile, phosphatidylethanolamine and several unidentified lipids (AL1, AL2, AL3 and PL1; Fig. 3 ) are predominant. In the polyamine pattern, 1,3-diaminopropane is the major component. Tests positive for acid production from D-glucose, lactose, sucrose and maltose and negative for acid production from D-sorbitol, raffinose, D-xylose, methyl a-D-glucoside, Dmannitol, dulcitol, salicin, D-adonitol, myo-inositol, Larabinose, L-rhamnose, trehalose, cellobiose, erythritol, melibiose, D The type strain, T2.1 T (5CCM 8545 T 5LMG 28483 T 5CIP 110829 T ), was isolated from larvae of Anopheles arabiensis Table 2 . Distinguishing characteristics of type strains of species of the genus Thorsellia Strains: 1, T2.1 T ; 2, W5.1.1 T ; 3, T. anophelis CCUG 49520 T . All data were obtained in this study. All three strains were positive for acid production from D-glucose, lactose, sucrose and maltose and negative for acid production from D-sorbitol, raffinose, D-xylose and methyl a- acids summed feature 3 (C 16 : 1 v7c and/or iso-C 15 : 0 2-OH), summed feature 2 (iso-C 16 : 1 and/or C 14 : 0 3-OH), C 14 : 0 and C 16 : 0 and minor amounts of C 18 : 1 v7c. The quinone system contains predominantly ubiquinone Q-8. In the polar lipid profile, phosphatidylethanolamine and the unidentified phospholipid PL1 are predominant (Fig.  3) . In the polyamine pattern, 1,3-diaminopropane is the major component. Tests positive for acid production from D-glucose, lactose, sucrose, maltose, salicin, L-arabinose, trehalose and D-mannose, slightly positive for cellobiose and negative for acid production from D-sorbitol, raffinose, D-xylose, methyl a-D-glucoside, D-mannitol, dulcitol, Dadonitol, myo-inositol, L-rhamnose, erythritol, melibiose and D-arabitol. Unable to catabolize N-acetyl-D-galactosamine, N-acetyl-D-glucosamine, L-arabinose, p-arbutin, cellobiose, D-fructose, D-galactose, D-gluconate, D-glucose, D-mannose, maltose, melibiose, L-rhamnose, D-ribose, salicin, sucrose, D-xylose, D-adonitol, myo-inositol, maltitol, D-mannitol, D-sorbitol, putrescine, acetate, propionate, adipate, suberate, azelate, glutarate, DL-3-hydroxybutyrate, oxoglutarate, L-aspartate, cis-and trans-aconitate, L-malate, pyruvate, b-alanine, D-histidine, L-leucine, L-ornithine, Lphenylalanine, L-proline, L-serine, L-tryptophan, 3-hydroxybenzoate, 4-hydroxybenzoate and phenylacetate. Can hydrolyse aesculin, L-alanine pNA, bis-pNP phosphate, pNP phenylphosphonate and L-proline pNA, but not oNP b-D-galactopyranoside, pNP b-D-glucuronide, pNP a-Dglucopyranoside, pNP b-D-glucopyranoside, pNP b-D-xyloside, p-phosphorylcholine or L-glutamate c-3-carboxy-pNA.
The type strain, W5.1.1 T (5LMG 28213 T 5CIP 110794 T ), was isolated from larvae of Anopheles arabiensis from Kandungu village, Mwea, Kenya. The DNA G+C content of W5.1.1 T is 35 %, as calculated from genomic data.
